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SUBJECT: Two-Stage , Fully Reusable Space DATE: October 27, 1969 

FROM: W. H. Eilertson 
Shuttle Lunar Mission Capability 
Case 710 

MEMORANDUM FOR FILE 

A previous analysis showed that a Stage and One Half 
(SOH) Space Shuttle could be used in place of a nuclear shuttle 
to deliver payload to lunar orbit (Reference 1). Recently a 
decision was made by NASA to drop the SOH and to consider only 
fully reusable systems. This suggested that fully reusable 
systems be analyzed to see if they also can serve as a sub- 
stitute for the nuclear stage. 

To determine the lunar orbit payload capability of 
a typical fully reusable space shuttle, the MSC two stage 
concept (Figure 1) from Reference 2 was analyzed. Retro- 
braking as opposed to aero-braking at earth return was assumed. 
This enables the heat shield, designed for earth orbit return 
velocities, to remain unchanged. The velocity increments 
used in this analysis for the lunar mission are as follows: 

TLI and retro-braking = 10,404 fps 

LO1 = 3,063 fps 

TEI = 3,159 fps 

Analysis showed that the orbiter stage as it stands was not 
capable of making a round trip to the moon. As a consequence, 
auxiliary propellant tanks are required. These tanks were 
assumed to have a mass fraction of .05. 

Figure 2 shows the total payload delivered to lunar 
orbit as a function of the weight of the fully fueled auxiliary 
tanks. For the lunar payload weight equivalent to the nuclear 
shuttle (116,OO lbs., Reference 11, the tank plus propellant 
weight required is approximately 527,000 lbs. The tank dry 
weight is only 26,360 lbs. This weight is easily within the 
shuttle vehicle's payload capacity (50,000 lbs.). However, 
the tank size that is required (22 ft. diameter by about 53 ft. 
length) cannot fit into the cargo bay in one piece. It can be 
placed into earth orbit by dividing it into 2 sections and 
delivering it by two MSC shuttles or in one piece on the 
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The number of i n i t i a l  s h u t t l e  f l i g h t s  r e q u i r e d  t o  
earth o r b i t  u s ing  t h e  MSC s h u t t l e  i s  summarized below. 

C o r e  and tank p r o p e l l a n t  (1,182,000 lbs . )  - 24 f l i g h t s  

Payload ( 1 1 6 , 0 0 0  lbs.) - 3 f l i g h t s  

Empty t anks  (us ing  s h u t t l e  v e h i c l e )  - 2 f l i g h t s  

Total  S h u t t l e  F l i g h t s  = 29 F l i g h t s  
- 

This  i s  fewer s h u t t l e  f l i g h t s  t han  t h a t  r equ i r ed  us ing  t h e  
SOH (31  f l i g h t s  are r equ i r ed  by t h e  SOH, Reference 1) b u t  
cons iderably  more than  the  7 s h u t t l e  f l i g h t s  requi red  using 
t h e  nuc lea r  s h u t t l e .  The empty tanks  would only have t o  be 
brought  up once; they could be reused a f t e r  t h a t .  

Conclusions 

A pre l iminary  a n a l y s i s  shows t h a t  a f u l l y  r eusab le  
space  s h u t t l e  can f l y  t o  l o w  e a r t h  o r b i t  ca r ry ing  an a u x i l i a r y  
p r o p e l l a n t  tank.  A f t e r  r e f u e l i n g  i n  l o w  e a r t h  o r b i t  it i s  
capable  of ca r ry ing  a payload t o  l u n a r  o r b i t  and r e t u r n i n g  
empty back t o  earth. As an example conf igu ra t ion ,  t h e  MSC 
t w o  s t a g e  conf igu ra t ion  was analyzed. Resu l t s  of t h e  a n a l y s i s  
show t h a t  f o r  a nominal lunar  payload ( 1 1 6 , 0 0 0  l b s . )  an 
a u x i l i a r y  p r o p e l l a n t  tank i s  requi red .  The a u x i l i a r y  tank 
weight i s  e a s i l y  w i t h i n  t h e  s h u t t l e  v e h i c l e ' s  5 0 , 0 0 0  l b s .  
payload capac i ty  s i n c e  it weighs only 26,360 l b s . ,  b u t  i s  too 
large t o  be c a r r i e d  i n t e r n a l l y  i n  one p i ece .  Therefore it i s  
recommended t h a t  t h e  a u x i l i a r y  tank be d iv ided  i n t o  t w o  s e p a r a t e  
t anks  and carried up w i t h  two s h u t t l e  f l i g h t s .  A t o t a l  of 29 
s h u t t l e  f l i g h t s  are r equ i r ed  t o  l o w  e a r t h  o r b i t  t o  d e l i v e r  t h e  
empty a u x i l i a r y  t anks ,  co re  veh ic l e ,  a u x i l i a r y  tank p r o p e l l a n t ,  
and payload. 

Compared t o  t h e  nuc lear  s h u t t l e  t h e  r e c u r r i n g  c o s t s  
are h ighe r  for  a f u l l y  reusable  space s h u t t l e  used i n  l u n a r  
missions.  But it would make a good temporary s u b s t i t u t e .  

1012-WHE-sem W. H. E i l e r t s o n  
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